An efficient liquid-phase synthesis of 3,5-disubstituted 1,3,5-thiadiazinane-2-thione derivatives (THTT) is described using soluble polymer support polyethylene glycol (PEG) 5000 via one-pot condensation of PEG-bound free amino acid or PEG-bound tripeptide, a dithiocarbamate and formaldehyde under mild conditions. This procedure affords the target compounds in good yields and high purity with a facile work-up procedure. This synthetic approach has also allowed the efficient preparation of new compounds endowed with two THTT rings linked through the N-3 nitrogen atoms. The structures of all synthesized compounds were unequivocally established by standard spectroscopic techniques.
Introduction
The development of new synthetic methodologies for the preparation of organic compounds is one of the most important objectives in modern drug discovery. 1 In this regard there is a lot of interest in the implementation of new processes and new synthetic strategies. In particular, much THTT derivatives could be attributed to the interaction of cysteine proteinases, present in most groups of parasitic protozoa, 11 with isothiocyanates, 12 generated by hydrolysis of the THTT ring in a protic medium. 13 Notwithstanding, the possible interaction of the released amino acids or dipeptides, attached to N-5 of the THTT ring, with other molecular targets, thereby enhancing the antiparasitic activity observed of these derivatives, should not be ruled out.
In a previous work we have described the synthesis of several 3,5-disubstituted 1,3,5-thiadiazinane-2-thiones bearing furfuryl, cyclohexyl, and carboxypentyl radicals at N-3 and carboxyalkyl residues at N-5. 14 The synthesized molecules were evaluated in vitro and in vivo against Trypanosoma cruzi and Trichomonas vaginalis showing significant antiprotozoal activity that, in some cases, was further correlated to a non-specific toxicity effect. 15 In another study the remarkable cytotoxicity properties of these derivatives against HeLa and HT-29 cells were also tested, 16 and we have developed a theoretical model to predict the influence of structure on the antitumor activity for this type of compounds. 17 The antiparasitic properties of some 5-carboxyalkyl-3-furfuryl-1,3,5-thiadiazinane-2-thione against both extracellular promastigotes and intracellular amastigotes of Leishmania amazonensis have also been reported. 18, 19 The results showed that the evaluated compounds exhibited a strong antiproliferative activity on all developmental stages of the parasite. Following our ongoing project to develop new antiparasitic agents using the THTT ring as the central core, we have also reported the synthesis and biological activity of bis(1,3,5-thiadiazinane-2-thiones) derivatives where the two thiadiazinane rings are linked by an alkyl chain 20 or a linear polyamine moiety. 21 Taking to account the interaction mechanism suggested for this heterocycle, the incorporation of two THTT moiety in the same structure must increase the activity of these derivatives as antiparasitic agents. 22 We have previously demonstrated the feasibility of the synthesis of thiadiazinane-2-thiones in solution [14] [15] [16] [18] [19] [20] [21] by reaction of the appropriate amine with carbon disulfide and potassium hydroxide, to give the dithiocarbamate potassium salt, which is not isolated, followed by cyclocondensation with formaldehyde and the selected amino acids or pseudopeptides able to provide the nitrogen atom at the N-5 position of the thiadiazinane ring. Based on experimental evidence and DFT studies, a probable cyclization route to 1,3,5-thiadiazinane-2-thiones in aqueous medium was proposed. 23 In addition, the conformational features of the THTT by X-ray diffraction and theoretical calculations have also been studied. 24 Moreover, taking into account the presence of two points of diversity at nitrogens N-3 and N-5 of the THTT, we have developed the solid phase synthesis (SPS) of this molecular scaffold as a first approach to design a THTT-like library, 25 although its use is limited by two factors: i) the possibility for the starting amines to be properly functionalized for the efficient coupling to the resin and, ii) the low solubility of the amino acids in the solvent employed. Therefore, within our research program focused on the development of alternative methodologies for the synthesis of nitrogen containing heterocycles, herein we disclose a novel liquid-phase organic synthesis of 1,3,5-thiadiazinane-2-thione derivatives which are obtained in good yields and high purity. To the best of our knowledge, this is the first report on the liquidphase synthesis of THTT compounds.
Results and Discussion
As illustrated in Scheme 1, an effective liquid-phase organic synthesis of 3,5-disubstituted 1,3,5-thiadiazinane-2-thione derivatives has been developed. The soluble polymer support (PEG-OH (PEG), average molecular weight ca. 5000) 1, dissolved in DMF, was coupled with Fmocprotected amino acids 2a-d under N,N′-diisopropylcarbodiimide (DIC), 4-dimethylaminopyridine (DMAP) activation conditions for 45 minutes. The reaction mixtures were purified through a simple precipitation, filtration and ether washing to remove un-reacted reagents and side products. The conversion of terminal hydroxyl groups on PEG was determined by IR analysis to be quantitative. The PEG-bound Fmoc protected amino acid 3a-d showed complete disappearance of the hydroxyl OH stretching band and the appearance of a strong carbonyl stretching band at 1728 cm As shown in Table 1 , the present method allows the synthesis of THTT derivatives 8a-h with similar or slightly higher yields than those previously reported. 14 Taking into account the remarkable antiprotozoal activity exhibited by THTT, and in order to increase the molecular diversity based on the THTT motif, two THTT rings were incorporated into the same molecular structure (bis-THTT). 21, 22 In this work, we have adapted our LPOS strategy of THTT derivatives to expeditious synthesis of two new hybrid structures endowed with two THTT rings, connected through their N-3 atoms by a linear aliphatic backbone (C 6 H 12 ) and tripeptide residues at N-5 (bis-THTT-tripeptide). The synthesis of the bis-THTT-tripeptides was carried out as shown in Scheme 2 through a polymeric intramolecular reaction taking advantage of the special flexibility of the PEG units. First we carried out the liquid phase synthesis of the peptide sequences 9a and 9b in PEG 5000 as soluble polymer support by means of the coupling/deprotected standard conditions, with treatment of DIC/DMAP for the first residue a DIC/HOBt for the rest as coupling reagents and piperidine 20% in DMF as Fmocdeprotected solution. All deprotection reactions were carried out for 20 minutes, and all coupling reactions were for 45 minutes. Upon completion of each reaction of the cycle coupling/deprotection, the product mixtures were purified by precipitation and thoroughly washed with diethyl ether to remove unreacted reagents and side products. Polymer substitution levels of 0.36-0.38 mmol/g (90-95%) of the tripeptide secuences 9a-b were measured by spectrophotometric Fmoc. 28 Progress of the chain assemblies was routinely monitored using the ninhydrin test on small aliquots of the dried isolated intermediates after the acylation and Fmocdeprotection cycles. Not influence in the reaction yield was observed with the presence of a strong nucleophile in a THTT ring formation step. The slightly basic medium of this step (Step v in Scheme 2) and the addition procedure used could influence in this result. To ensure the structure of the two peptides sequence, the crude peptides were analyzed by HPLC-MS after the cleavage treatment of one mg of PEG bound at the peptides sequence. The two peptides were obtained in reasonable purity, 94.2 and 96.7% for sequence 9a and 9b, respectively. At the same time, starting from commercially available 1,6-diaminohexane 10 and carbon disulfide under basic conditions (KOH 20%), the dithiocarbamic salt intermediate 11 was obtained. Further condensation reaction of 11, formaldehyde and the methanol dissolved PEG 5000-bound tripeptide afforded the bis-THTT-tripeptides immobilized in the support 12a,b. Finally, PEGbound products 12a,b were cleaved with 0.5 N NaOH solution at room temperature overnight to afford, after acidulation procedure with HCl (2N), target compounds 13a,b in high yields and purities (Scheme 2). The 1 H, and 13 C NMR spectroscopic data (chemical shifts and DEPT), the HPLC-MS analyses and the spectroscopic comparison with previously synthesized bis-thiadiazinane-2-thione derivatives 20,21,27 allowed us to confirm the structure of the new bis-THTT-tripeptides 13a,b. The signals corresponding to the ring methylene protons H-4 and H-6 appear overlapped in multiplets centered at 4.5 ppm, which are complex due to the presence of near stereogenic centers in the tripeptide sequence attached to N-5, and could not be resolved even using a 500 MHz equipment. The peptides sequence bound to N-5 does not present remarkable difficulties to be resolved. In the 1 H NMR spectra of 13a,b, it has been possible the assignment of the signals corresponding to the carboxy terminal protons appear at 10.0, and at 8.0 ppm a broad signal corresponding to the amide protons of the peptides chains was observed. Assignments for the 1 H NMR and 13 C NMR resonances corresponding to the aliphatic backbone connecting both heterocycles were achieved by comparison with those spectroscopic data found for related products previously reported. 29 The above experimental data have allowed determining unambiguously the chemical structure of the compounds synthesized.
Conclusions
In conclusion, we have developed a new and efficient liquid-phase synthesis of 3,5-disubstituted 1,3,5-thiadiazinane-2-thione derivatives by a one-pot cyclization from PEG-supported amino acid or tripeptide reagent, the dithiocarbamate salt intermediate and formaldehyde under basic conditions. The major advantage of this strategy is the fact that only the desired compound is released into the solution with the subsequent simplification of purification workup. Furthermore, this synthetic approach is also valid for the preparation of hybrid compounds endowed with two THTT rings connected through the N-3 atoms, which are obtained in good yields and high chemical purity. In our opinion, this is an example of the versatility of the PEG polymer also favoring intramolecular reactions. To sum up, this methodology paves the way to design a complex thiadiazinane-like library provided the great variety of available amino acid building blocks for the peptide sequence, and the presence of two points of diversity located at nitrogen N-3 and N-5 of the THTT ring.
Experimental Section
General. Commercially available starting materials and reagents were purchased from commercial sources (Aldrich, Merck, and BDH) and were used without further purification. All solvents were dried following standard procedures. Melting points were determined in capillary tubes in an Electrothermal C14500 apparatus and are uncorrected. The progress of the reaction was monitored by TLC analytical silica gel plates (Merck 60F 254 ) using methanol:acetic acid (4:1) as eluent. HPLC was performed using a Waters Alliance 2695 (Waters, MA, USA) chromatography system with a PDA 995 detector, a reverse-phase Symmetry C18 (4.6 x 150 mm) 5-mm column, and H 2 O with 0.045% TFA and MeCN with 0.036%TFA as mobile phases and detection at 220 nm for the tripeptides. HPLC-MS was performed using a Waters Alliance 2796 with UV/Vis detector 2487 and ESI-MS Micromass ZQ (Waters) chromatography system, a reversed-phase Symmetry 300 C18 (3.9 x 150 mm) 5-m column, and H 2 O with 0.1% formic acid and MeCN with 0.07% formic acid as mobile phases. The NMR spectra were recorded on a Mercury 400 spectrometer [400 MHz ( 1 H) and 100.6 MHz ( 13 C)]. Chemical shifts are given as δ values against tetramethylsylane as the internal standard and J values are given in Hz. Microanalysis was performed in a Perkin-Elmer 2400 CHN.
PEG-Bound aminoacid (4a-d).
Polymer support 1 (5 g, 1 mmol) dissolved in 10 mL of N,Ndimethylformamide (DMF) was coupled with the corresponding Fmoc-protected amino acids (2a-d) (4 mmol) under DIC/DMAP (4 mmol 0.072 mmol −1 ) activation condition for 45 min at room temperature. To the reaction mixture was added cold diethyl ether in order to precipitate PEG-supported intermediates 3a-d, which was filtered out and washed with cold diethyl ether (3 x 30 mL) to remove unreacted reagents and side-products. Deprotection of compounds 3a-d was performed with 20% piperidine (2 mL) in 8 mL of DMF at room temperature. After the mixture was stirred for 20 minutes, the polymer was precipitated by addition of cold diethyl ether (60 mL) and for completion of the precipitation, the suspension was left at 0ºC for another 30 min, the precipitate was collected, washed with diethyl ether (3 x 30 mL of each), and dried in vacuo to afford the PEG-bound free amine 4a-d.
General procedure for the liquid phase organic synthesis of 3,5-disubstituted 1,3,5-thiadiazinane-2-thione derivatives (8a-h)
To a stirred solution of the corresponding amine (0.01 mol, ciclohexylamine 5a or furfurylamine 5b) in 25 mL of water, 1.1 g (0.01 mol) of potassium hydroxide (as a 20% aqueous solution) and 0.6 mL (0.01 mol) of carbon disulfide were added at room temperature. The mixture was subsequently stirred for 4 hours. Then 1.2 mL (0.02 mol) of formaldehyde solution (37%), was added and the stirring continued for 1 hour. The mixture was filtered out and the resulting solution added dropwise to a suspension of 0.01 mol of 4a-d in 10 ml of a pH 7.8-8 phosphate buffer solution. After the mixture was stirred for two hours, the polymer bound THTT 7a-h was extracted with dichloromethane (3 x 5 mL), the organic solution was rotoevaporated and the polymer was precipitated by addition of cold diethyl ether (30 mL). To achieved a total precipitation, the suspension was left at 0ºC for another 30 min, the precipitate was collected, washed with diethyl ether (3 x 10 mL of each), to afford the PEG-bound THTT 7a-h. After drying in vacuo, the solid was added to the NaOH solution (0.5 N) to cleave the products at room temperature overnight. The aqueous solution was cooled in an ice-bath and acidified to pH 2 by 15% hydrochloric acid. Finally, the precipitate was filtered and washed with a cool diethyl ether (3 x 5 mL). -3-(2´-furfurylmethyl)-1,3,5-thiadiazinnae-2-thione (8f) 
5-Carboxymethyl-3-cyclohexyl-1,3,5-thiadiazinane-2-thione (8a

5-Carboxymethy
Preparation of PEG-bound tripeptide sequence (9a,b).
The tripeptide sequences (9a,b) was synthesized with the standard Fmoc/t-Bu strategy. The coupling and deprotection steps (Fmocaminoacid, DIC, DMAP) was previously described. After each cycle of coupling/deprotection, 15 mL of diethyl ether was added in order to precipitate PEG-supported intermediates, which was filtered and washed with cold diethyl ether (2 x 10 mL) to remove un-reacted reagents and side products. After the last deprotection step, the polymer bound peptide was dried under reduced pressure. The purity of the two crude peptides (9a,b) were checked by RP-HPLC (UV absorbance at 220 nm) and analyzed by HPLC-MS, after the cleavage treatment of one mg of PEG bound at peptide sequence. 
General procedure for the liquid phase organic synthesis of the two hybrid structures bis-THTT-tripeptides (13a,b)
To a stirred solution of 1,6-diaminohexane (1 mmol) in 10 mL of methanol, potassium hydroxide (2 mmol, 0.11 g,) and carbon disulfide (0.12 mL, 2 mmol) were added at room temperature. The mixture was subsequently stirred for 4 h. Then, formaldehyde solution 37% (0.32 ml, 4 mmol) was added and the stirring continued for 1 h. The reaction mixture was added dropwise to a suspension of the corresponding PEG-Bound tripeptide sequence (9a,b) (2 mmol) in a pH 7.8 buffer solution of phosphate (10 mL) and stirred for 24 hours. The polymer bound hybrid compound (12a,b) was precipitated by addition of cold diethyl ether (20 mL), and for completion of the precipitation, the suspension was left at 0 ºC for another 30 min, the precipitate was collected and washed with diethyl ether (2 x 10 mL of each). After drying in vacuum, the solid was added to the NaOH solution (0.5 N) to cleave the products at room temperature overnight. The aqueous solution was cooled in an ice-bath and acidified to pH 2 using 15% HCl. Finally, the precipitate was filtered and washed with a cool diethyl ether (3 
